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(54) LIGHTING SYSTEM FOR INSPECTING FLAW 

(57)Abstract 

PROBLEM TO BE SOLVED: To provide a lighting system 
for inspecting flaws wherein a surface of a material to be 
inspected is evenly irradiated and flaws can be detected 
with a high detecting performance. 
SOLUTION: A plurality of optical fibers 26 comprises 
plural optical fiber bundles 22 which are aligned in a 
vertical direction with respect to an optical axis of the 
optical fibers 26. The system includes an optical fiber 
unit 21 connected so that the optical fiber bundles may 
line up along such alignment direction, and a light- 
gathering unit 40 connected so that a plurality of 
condenser lenses 42 comprising cylindrical lenses may 
form a line along the alignment direction of the optical 
fibers 26. The light-gathering unit 40 is placed at a light 
emitting side of the optical fiber unit 21 so that a 
connecting portion of the condenser lenses 42 may 
deviate in the alignment direction of the optical fibers 26 
with respect to a connecting portion of the optical fiber 
bundles 22. 
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CLAIMS 



[Claim(s)] 

[Claim 1] In the crack checking lighting system which forms a linear exposure pattern in the front 
face of band-like or tabular inspected material The optical fiber unit joined so that many optical 
fibers might consist of two or more optical fiber bundles which align perpendicularly to the 
optical axis of an optical fiber and an optical fiber bundle might be located in a line along said 
alignment direction, It has the beam condensing unit joined so that two or more condenser 
lenses which consist of a cylindrical lens might be located in a line along the alignment direction 
of said optical fiber. The crack checking lighting system characterized by arranging the beam 
condensing unit at the outgoing radiation side of said optical fiber unit as the joint of a 
condenser lens shifts in the alignment direction of said optical fiber to the joint of said optical 
fiber bundle. 

[Claim 2] In the crack checking lighting system which forms a linear exposure pattern in the front 
face of band-like or tabular inspected material The optical fiber unit joined so that many optical 
fibers might consist of two or more optical fiber bundles which align perpendicularly to the 
optical axis of an optical fiber and an optical fiber bundle might be located in a line along said 
alignment direction, The crack checking lighting system characterized by the diameter of said 
condenser lens which is equipped with the beam condensing unit joined so that two or more 
condenser lenses which consist of a cylindrical lens might be located in a line along the 
alignment direction of said optical fiber, and counters the side edge section of said optical fiber 
bundle being larger than the diameter of the condenser lens of a center sectioa 
[Claim 3] In the crack checking lighting system which forms a linear exposure pattern in the front 
face of band-like or tabular inspected material The optical fiber unit joined so that many optical 
fibers might consist of two or more optical fiber bundles which align perpendicularly to the 
optical axis of an optical fiber and an optical fiber bundle might be located in a line along said 
alignment direction. The crack checking lighting system which is equipped with the beam 
condensing unit joined so that two or more condenser lenses which consist of a cylindrical lens 
might be located in a line along the alignment direction of said optical fiber, and is characterized 
by the diameter of an optical fiber of the side edge section of said optical fiber bundle being 
larger than the diameter of an optical fiber of a center section. 

[Claim 4] Claims 1 and 2 between which the optical fiber put said optical fiber unit accumulated 
on two or more steps by the superior lamella and inferior lamella which have rigidity, or a crack 
checking lighting system given in three. 

[Claim 5] The crack checking lighting system according to claim 4 with which the parallel guide 
rail of a large number in which one optical fiber is inserted at a time is prepared in said inferior 
lamella. 

[Claim 6] It doubles with bending of said optical fiber unit, and they are claims 1 

and 2 or a crack checking lighting system given in three about said beam condensing unit 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to a crack checking lighting system, especially the 
crack checking lighting system which illuminates the front face of band-like or tabular inspected 
material, and inspects a crack optically. 
[0002] 

[Description of the Prior Art] There is optical crack test equipment as one of bandHike or the 
crack test equipment of a plate. Optical crack test equipment is equipped with the lighting 
system which forms a linear lighting pattern in the front face of inspected material. For example, 
a linear lighting pattern with delivery is formed in a steel plate front face for a steel plate at a 
longitudinal direction, and an inspection operator views a steel plate front face directly, or a 
crack is inspected on monitor display. 

[0003] Conventionally, the cylindrical light source of the lighting system which makes a 
fluorescent lamp representation was very inadequate in the quantity of light and condensing 
nature, it being weak to about [ that distance with inspected material moreover cannot be 
taken ] and a temperature change, and there being no directivity, and constituting the long (for 
example, 2m) cylindrical light source — difficult — application to high-speed Rhine, and an image 
pick-up — resolution was not able to be raised. As a lighting system which solves such a 
problem, optical fiber lighting is expected and various optical fiber lighting systems are 
developed. 

[0004] The optical fiber lighting system consists of the light source, an optical fiber bundle of the 
shape of a sheet in which a large number carry out optical fiber alignment, and a condenser lens 
that forms a linear exposure pattern in the front face of band-like or tabular inspected material. 
Although the conventional optical fiber lighting system combined a commercial optical fiber 
bundle and a commercial condenser lens (cylindrical lens), it had the following problems. 
[0005] Since the optical fiber bundle which aligns for a long time crosswise (it is perpendicularly 
to an optical fiber optical axis) according to the width of face of inspected material was needed, 
some of optical fiber bundles 24 with a width of face of about 500mm had been joined crosswise. 
The illuminance had deteriorated in this joint Since the optical fiber 26 had not necessarily 
aligned regularly at the both ends of an optical fiber bundle 24 as shown in drawing 1 1 , 
illuminance degradation had been caused. Moreover, although a condenser lens also has a limit in 
die length and had joined two or more condensing cylindrical lenses with ultraviolet-rays 
hardening resin etc., illuminance degradation had arisen in the joint Moreover, although two or 
more steps of optical fibers are accumulated in the optical fiber bundle, since the superior 
lamella 55 and inferior lamella 56 which are held optical fiber unit 21 bend as shown in drawing 12 
and drawing 13 , the center section of the optical fiber bundle 22 is dented to the order which is 
about 100 micrometers, or it swells up. For these depressions or bulging, the beam of light of the 
illumination light becomes irregular. If the distance of a condenser lens 40 and inspected material 
is set to about several m, as shown in drawing 14 R> 4, it will become irregular to about several 
mm order by inspected material. Consequently, the illuminance on the front face of inspected 
material became uneven, and crack detectivity was falling. 



[0006] In addition, there is surface-analysis equipment indicated by JP.2000-65755.A as a 
lighting system using the cylindrical light source. As a lighting system equipped with the optical 
fiber bundle and the condenser lens, there is a lighting system indicated by JP,2000-149607A 
[0007] 

[Problem(s) to be Solved by the Invention] The technical problem of this invention is offering the 
crack checking lighting system which irradiates an inspected material front face at homogeneity, 
and can detect a crack by high crack detectivity. 
[0008] 

[Means for Solving the Problem] In the crack checking lighting system which forms a linear 
exposure pattern in the front face of band-like or tabular inspected material, many optical fibers 
consisted of two or more optical fiber bundles which align perpendicularly to the optical axis of 
an optical fiber, and the crack checking lighting system of the 1st invention is equipped with the 
optical fiber unit joined so that an optical fiber bundle might be located in a line along said 
alignment direction, and the beam condensing unit joined so that two or more condenser lenses 
which consist of a cylindrical lens might be located in a line along the alignment direction of said 
optical fiber. And as the joint of a condenser lens shifts in the alignment direction of said optical 
fiber to the joint of said optical fiber bundle, the beam condensing unit is arranged at the 
outgoing radiation side of said optical fiber unit 

[0009] In the above-mentioned crack checking lighting system, the joint of a condenser lens is 
located so that it may shift in the alignment direction (longitudinal direction) of an optical fiber to 
the joint of an optical fiber bundle. Therefore, the illuminance fall by the lap of the joint of an 
optical fiber bundle and the joint of a condenser lens is not produced. 

[0010] In the crack checking lighting system which forms a linear exposure pattern in the front 
face of band-like or tabular inspected material, many optical fibers consisted of two or more 
optical fiber bundles which align perpendicularly to the optical axis of an optical fiber, and the 
crack checking lighting system of the 2nd invention is equipped with the optical fiber unit joined 
so that an optical fiber bundle might be located in a line along said alignment direction, and the 
beam condensing unit joined so that two or more condenser lenses which consist of a cylindrical 
lens might be located in a line along the alignment direction of said optical fiber. And the 
diameter of said condenser lens which counters the side edge section of said optical fiber bundle 
is larger than the diameter of the condenser lens of a center section. 

[001 1] In the above-mentioned crack checking lighting system, when outgoing radiation is carried 
out so that a beam of light may spread from the side edge section of an optical fiber bundle, the 
condenser lens of said major diameter can bring the spreading beam of light together in an 
inspected material front face, and can prevent an illuminance fall. 

[0012] In the crack checking lighting system which forms a linear exposure pattern in the front 
face of band-like or tabular inspected material, many optical fibers consisted of two or more 
optical fiber bundles which align perpendicularly to the optical axis of an optical fiber, and the 
crack checking lighting system of the 3rd invention is equipped with the optical fiber unit joined 
so that an optical fiber bundle might be located in a line along said alignment direction, and the 
beam condensing unit joined so that two or more condenser lenses which consist of a cylindrical 
lens might be stood in a line along the alignment direction of said optical fiber. And the diameter 
of an optical fiber of the side edge section of said optical fiber bundle is larger than the diameter 
of an optical fiber of a center section. 

[0013] Since there is much quantity of light irradiated from the outlet side of an optical fiber 
when the diameter of an optical fiber is large, even if the non-set of some optical fibers has 
arisen, the illuminance fall concerned which originates irregularly can be prevented. 
[0014] In the above 1st and invention of 2 and 3, it is desirable to put the optical fiber 
accumulated on two or more steps by said optical fiber unit by the superior lamella and inferior 
lamella which have rigidity. Since bending of an optical fiber unit is corrected by ****** by the 
superior lamella and inferior lamella which have rigidity, a straight-line-like lighting pattern is 
formed on inspected material. It is desirable to prepare the parallel guide rail of a large number in 
which one optical fiber is inserted at a time in said inferior lamella. Since the optical fiber of the 
bottom aligns along with a guide rail and sequential sorting of the optical fiber of an upper case is 



carried out along with the optical fiber of the bottom, an optical fiber does not become irregular. 
[0015] Moreover, you may make it sag said beam condensing unit in the above 1st and invention 
of 2 and 3 according to bending of said optical fiber unit By adjusting bending of a condenser 
lens, the irregular beam of light from an optical fiber bundle can be aligned in parallel. 
[0016] 

[Embodiment of the Invention] Drawing 1 , drawing 2 , and drawing 3 show the lighting system of 
the 1st invention typically. The lighting system mainly consists of the light source, the light guide 
section, and the condensing section. 

[0017] The light. source 10 is equipped with the high brightness point light source 12 and a 
concave mirror 14. A metal halide lamp, a halogen lamp, a xenon lamp, etc. are used as the high 
brightness point light source 12. The ellipsoid mirror or the parabolic mirror is suitable as a 
concave mirror 14. 

[0018] The light guide section 20 is equipped with the fiber optic cable 29 prolonged from the 
light source 10 to an optical fiber unit 21. Many optical fibers 26 are bundled and the fiber optic 
cable 29 is covered with the plastics sheath. In the interior of an optical fiber unit 21, an optical 
fiber 26 carries out branching alignment from the point of a fiber optic cable 29, and constitutes 
an optical fiber bundle 22 (shown in drawing 3 ). An optical fiber bundle 22 aligns perpendicularly 
(longitudinal direction) to an optical axis, it is accumulated two or more steps and many optical 
fibers 26 are constituted. Optical fiber bundle 22 which adjoin a longitudinal direction have band- 
like [ to which the side edge section is tied by adhesives according to the width of face of 
inspected material 1, and extends in a longitudinal direction ]. An optical fiber unit 21 is inserted 
between a superior lamella 31 and an inferior lamella 32, and is held at the optical fiber 
maintenance frame 30. 

[0019] The condensing section 40 is equipped with the beam condensing unit 41 which consists 
of two or more condenser lenses 42. A cylindrical lens is used as a condenser lens 42. The side 
edge section is tied by adhesives like an optical fiber bundle 22, and condenser lens 42 which 
adjoin a longitudinal direction have become a longitudinal direction with #* length. The joint 43 of 
a condenser lens 42 is located so that it may shift to a longitudinal direction to the joint 23 of an 
optical fiber bundle 22. It is made, as for this gap, for the joint of a lens to be located in the pars 
intermedia of each optical fiber. Therefore, the illuminance fall by the lap of the joint 23 of an 
optical fiber bundle 22 and the joint 43 of a condenser lens 42 is not produced. 
[0020] In the equipment constituted as mentioned above, the illumination light from the high 
brightness point light source 12 is condensed by the incidence edge of a fiber optic cable 29 with 
a concave mirror 14. The illumination light is led to an optical fiber unit 21 through a fiber optic 
cable 29. It is condensed with a condenser lens 42 and the illumination light which carried out 
outgoing radiation through the optical fiber unit 21 forms the linear lighting pattern 5 in the 
inspected body surface 1. The inspected object 1 is moving to the longitudinal direction S of this, 
and Crack F is picturized with the linear array camera 60. On the screen of a monitor (not 
shown). Crack F carries out the image processing of viewing or the video signal, and is detected. 
The illuminance fall by the lap of the joint 23 of an optical fiber bundle 22 and the joint 43 of a 
condenser lens 42 is not produced. For this reason, an inspected material front face is irradiated 
at homogeneity, and high crack detectivity can detect a crack 

[0021] Drawing 4 and drawing 5 show the lighting system of the 2nd invention. The same 
reference mark is attached to the member shown in drawing I , and the same member, and the 
detailed explanation is omitted. The beam condensing unit 45 consists of a standard condenser 
lens 47 and a meyor-diameter condenser lens 48. The focal distance is equal to the focal 
distance of the standard condenser lens 47 by making the diameter of the major-diameter 
condenser lens 48 into about 1.5 to 2.0 times of the diameter of the standard condenser lens 47, 
and setting the lens quality of the material to nd=1 .8-1.9. Here, nd shows the refractive index at 
the time of measuring a refractive index using the light (wavelength being 587.6 [nm]) emitted 
from a helium lamp. The nrwuor-diameter condenser lens 48 is in the location which counters the 
joint 23 of an optical fiber bundle 22. As mentioned above, the actual optical fiber bundle 24 is 
drawing 1 1 . The optical fiber 26 of the side edge section has not aligned so that it may be 
shown. For this reason, since outgoing radiation of the beam of light from an optical fiber unit 21 



is carried out so that it may spread, an illuminance falls in inspected material. The above- 
mentioned major-diameter condenser lens 48 can bring together the beam of light which spread 
in the side edge section of an optical fiber bundle 24 in an inspected material front face, and can 
prevent an illuminance fall. 

[0022] Drawing 6 shows the lighting system of the 3rd invention. The same reference mark is 
attached to the member shown in drawing 1 , and the same member, and the detailed explanation 
is omitted. At the both-sides edge of an optical fiber bundle 25, the optical fiber 26 (optical fiber 
of a center section) of the diameter of a criterion and the larger major-diameter optical fiber 27 
than the diameter of a criterion are put together. If the train of an optical fiber 26 is confused in 
the side edge section of an optical fiber bundle 25 like drawing 1 1 , an illuminance fall will be 
caused, but with the equipment shown in drawing 6 , even if the non-set of some optical fibers 
has arisen since the diameter of an optical fiber 27 is large, and there is much quantity of light 
irradiated from the outlet side of an optical fiber, the illuminance fail concerned which originates 
irregularly can be prevented. The width of face of full [ of an optical fiber bundle 25 / about 10- 
20% therefore of ] and a center section of the width of face of the side edge section is 60 - 80%. 
The diameter of the optical fiber 27 of the side edge section is about 2 to 3 times of the 
diameter of the standard optical fiber 26 of a center section. It may be made to make the 
diameter of an optical fiber small gradually as it is good only also as a msuor-diameter optical 
fiber and the optical fiber of the side edge section is gone to a center section from the side edge 
section. 

[0023] Drawing 7 shows the gestalt of other operations of a lighting system. The optical fiber 
unit 21 is held between the superior lamellas 31 and inferior lamellas 32 which have rigidity within 
the optical fiber maintenance frame 30. It is acceptable optical fiber maintenance frame 30, an 
adjusting screw 37 inserts each other in a thread part 36, and the tip of an adjusting screw 37 is 
pressed against the superior lamella 31 and the inferior lamella 32, respectively. Since an 
adjusting screw 37 is bound tight according to bending of an optical fiber unit 31 and bending of 
an optical fiber unit 21 is corrected, a straight-line-like lighting pattern is formed on inspected 
material. 

[0024] Drawing 8 shows the gestalt of further others of a lighting system. In this lighting system, 
the parallel semicircle-like guide rail 34 is formed in the inferior lamella 33 of said optical fiber 
maintenance frame along the direction of an optical axis of an optical fiber. The diameter of a 
guide rail 34 is about 100-300 micrometers. One optical fiber is inserted in a guide rail 34 at a 
time, and the optical fiber 26 from the 2nd step is accumulated on rt As shown in drawing 9 , the 
optical fiber 26 of an upper case is arranged between the optical fibers 26 with which the lower 
berth adjoins each other. Since an optical fiber 26 aligns along with the optical fiber 26 of the 
bottom, it does not become irregular [ an optical fiber 26 ] in the side edge section of an optical 
fiber bundle 22. 

[0025] Drawing 10 shows the gestalt of the operation of further others of a lighting system. 
Drawing 10 (a) The beam condensing unit 49 is held at the lens maintenance frame 50 so that it 
may be shown. The adjusting screw 52 inserts each other in the nut 51 attached in the lens 
maintenance frame 50. The point of an adjusting screw 52 is pressed against the condenser lens 
49, and doubles bending of a condenser lens 49 with bending of an optical fiber bundle with an 
adjusting screw 52. By adjusting bending of a condenser lens, the irregular beam of light from an 
optical fiber bundle can be aligned in parallel. Drawing 10 (b) The lighting pattern on an inspected 
material front face is shown, and the beam-of-light locus 8 which curved by adjusting bending of 
a condenser lens 49 can be corrected to the norm straight line 7. 
[0026] 

[Effect of the Invention] In the crack checking lighting system of the 1 st invention, since the 
joint of a condenser lens is located so that it may shift to a longitudinal direction to the joint of 
an optical fiber bundle, the illuminance fall by the lap of the joint of an optical fiber bundle and 
the joint of a condenser lens is not produced. With the crack checking lighting system of the 2nd 
invention, the diameter of a condenser lens of the both ends of an optical fiber bundle is larger 
than the diameter of a condenser lens of a center section, and with the crack checking lighting 
system of the 3rd invention, since the diameter of an optical fiber of the both ends of an optical 



fiber bundle is larger than the diameter of an optical fiber of a center section, the non-set of the 
beam of light in the side edge section of an optical fiber bundle can be prevented. These results, 
an inspected material front face is irradiated by homogeneity and can detect a crack by high 
crack detectivity. 
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PRIOR ART 



[Description of the Prior Art] There is optical crack test equipment as one of band-like or the 
crack test equipment of a plate. Optical crack test equipment is equipped with the lighting 
system which forms a linear lighting pattern in the front face of inspected material. For example, 
a linear lighting pattern with delivery is formed in a steel plate front face for a steel piate at a 
longitudinal direction, and an inspection operator views a steel plate front face directly, or a 
crack is inspected on monitor display. 

[0003] Conventionally, the cylindrical light source of the lighting system which makes a 
fluorescent lamp representation was very inadequate in the quantity of light and condensing 
nature, it being weak to about [ that distance with inspected material moreover cannot be 
taken ] and a temperature change, and there being no directivity, and constituting the long (for 
example, 2m) cylindrical light source — difficult — application to high-speed Rhine, and an image 
pick-up — resolution was not able to be raised. As a lighting system which solves such a 
problem, optical fiber lighting is expected and various optical fiber lighting systems are 
developed. 

[0004] The optical fiber lighting system consists of the light source, an optical fiber bundle of the 
shape of a sheet in which a large number carry out optical fiber alignment, and a condenser lens 
that forms a linear exposure pattern in the front face of band-like or tabular inspected material. 
Although the conventional optical fiber lighting system combined a commercial optical fiber 
bundle and a commercial condenser lens (cylindrical lens), it had the following problems. 
[0005] Since the optical fiber bundle which aligns for a long time crosswise (it is perpendicularly 
to an optical fiber optical axis) according to the width of face of inspected material was needed, 
some of optical fiber bundles 24 with a width of face of about 500mm had been joined crosswise. 
The illuminance had deteriorated in this joint Since the optical fiber 26 had not necessarily 
aligned regularly at the both ends of an optical fiber bundle 24 as shown in drawing 1 1 , 
illuminance degradation had been caused. Moreover, although a condenser lens also has a limit in 
die length and had joined two or more condensing cylindrical lenses with ultraviolet-rays 
hardening resin etc., illuminance degradation had arisen in the joint Moreover, although two or 
more steps of optical fibers are accumulated in the optical fiber bundle, since the superior 
lamella 55 and inferior lamella 56 which are held optical fiber unit 21 bend as shown in drawing 12 
and drawing 13 , the center section of the optical fiber bundle 22 is dented to the order which is 
about 100 micrometers, or it swells up. For these depressions or bulging, the beam of light of the 
illumination light becomes irregular. If the distance of a condenser lens 40 and inspected material 
is set to about several m, as shown in drawing 14 R> 4, it will become irregular to about several 
mm order by inspected material. Consequently, the illuminance on the front face of inspected 
material became uneven, and crack detectivity was falling. 

[0006] In addition, there is surface-analysis equipment indicated by JP,2000-65755,A as a 
lighting system using the cylindrical light source. As a lighting system equipped with the optical 
fiber bundle and the condenser lens, there is a lighting system indicated by JP,2000-149607,A. 
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EFFECT OF THE INVENTION 



[Effect of the Invention] In the crack checking lighting system of the 1st invention, since the 
joint of a condenser lens is located so that it may shift to a longitudinal direction to the joint of 
an optical fiber bundle, the illuminance fall by the lap of the joint of an optical fiber bundle and 
the joint of a condenser lens is not produced. With the crack checking lighting system of the 2nd 
invention, the diameter of a condenser lens of the both ends of an optical fiber bundle is larger 
than the diameter of a condenser lens of a center section, and with the crack checking lighting 
system of the 3rd invention, since the diameter of an optical fiber of the both ends of an optical 
fiber bundle is larger than the diameter of an optical fiber of a center section, the non-set of the 
beam of light in the side edge section of an optical fiber bundle can be prevented. These results, 
an inspected material front face is irradiated by homogeneity and can detect a crack by high 
crack detectivity. 
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TECHNICAL PROBLEM 



[Problem(s) to be Solved by the Invention] The technical problem of this invention is offering the 
crack checking lighting system which irradiates an inspected material front face at homogeneity, 
and can detect a crack by high crack detectivity. 
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MEANS 



[Means for Solving the Problem] In the crack checking lighting system which forms a linear 
exposure pattern in the front face of band-like or tabular inspected material, many optical fibers 
consisted of two or more optical fiber bundles which align perpendicularly to the optical axis of 
an optical fiber, and the crack checking lighting system of the 1st invention is equipped with the 
optical fiber unit joined so that an optical fiber bundle might be located in a line along said 
alignment direction, and the beam condensing unit joined so that two or more condenser lenses 
which consist of a cylindrical lens might be located in a line along the alignment direction of said 
optical fiber. And as the joint of a condenser lens shifts in the alignment direction of said optical 
fiber to the joint of said optical fiber bundle, the beam condensing unit is arranged at the 
outgoing radiation side of said optical fiber unit 

[0009] In the above-mentioned crack checking lighting system, the joint of a condenser lens is 
located so that it may shift in the alignment direction (longitudinal direction) of an optical fiber to 
the joint of an optical fiber bundle. Therefore, the illuminance fall by the lap of the joint of an 
optical fiber bundle and the joint of a condenser lens is not produced. 

[0010] In the crack checking lighting system which forms a linear exposure pattern in the front 
face of band-like or tabular inspected material, many optical fibers consisted of two or more 
optical fiber bundles which align perpendicularly to the optical axis of an optical fiber, and the 
crack checking lighting system of the 2nd invention is equipped with the optical fiber unit joined 
so that an optical fiber bundle might be located in a line along said alignment direction, and the 
beam condensing unit joined so that two or more condenser lenses which consist of a cylindrical 
lens might be located in a line along the alignment direction of said optical fiber. And the 
diameter of said condenser lens which counters the side edge section of said optical fiber bundle 
is larger than the diameter of the condenser lens of a center section. 

[001 1] In the above-mentioned crack checking lighting system, when outgoing radiation is carried 
out so that a beam of light may spread from the side edge section of an optical fiber bundle, the 
condenser lens of said major diameter can bring the spreading beam of light together in an 
inspected material front face, and can prevent an illuminance fall. 

[0012] In the crack checking lighting system which forms a linear exposure pattern in the front 
face of band-like or tabular inspected material, many optical fibers consisted of two or more 
optical fiber bundles which align perpendicularly to the optical axis of an optical fiber, and the 
crack checking lighting system of the 3rd invention is equipped with the optical fiber unit joined 
so that an optical fiber bundle might be located in a line along said alignment direction, and the 
beam condensing unit joined so that two or more condenser lenses which consist of a cylindrical 
lens might be stood in a line along the alignment direction of said optical fiber. And the diameter 
of an optical fiber of the side edge section of said optical fiber bundle is larger than the diameter 
of an optical fiber of a center section. 

[0013] Since there is much quantity of light irradiated from the outlet side of an optical fiber 
when the diameter of an optical fiber is large, even if the non-set of some optical fibers has 
arisen, the illuminance fall concerned which originates irregularly can be prevented. 
[0014] In the above 1st and invention of 2 and 3, it is desirable to put the optical fiber 
accumulated on two or more steps by said optical fiber unit by the superior lamella and inferior 



lamella which have rigidity. Since bending of an optical fiber unit is corrected by ****** by the 
superior lamella and inferior lamella which have rigidity, a straight-line-like lighting pattern is 
formed on inspected material. It is desirable to prepare the parallel guide rail of a large number in 
which one optical fiber is inserted at a time in said inferior lamella. Since the optical fiber of the 
bottom aligns along with a guide rail and sequential sorting of the optical fiber of an upper case is 
carried out along with the optical fiber of the bottom, an optical fiber does not become irregular. 
[0015] Moreover, you may make it sag said beam condensing unit in the above 1st and invention 
of 2 and 3 according to bending of said optical fiber unit By adjusting bending of a condenser 
lens, the irregular beam of light from an optical fiber bundle can be aligned in parallel 
[0016] 

[Embodiment of the Invention] Drawing 1 t drawing 2 , and drawing 3 show the lighting system of 
the 1st invention typically. The lighting system mainly consists of the light source, the light guide 
section, and the condensing section. 

[0017] The light source 10 is equipped with the high brightness point light source 12 and a 
concave mirror 14. A metal halide lamp, a halogen lamp, a xenon lamp, etc. are used as the high 
brightness point light source 12. The ellipsoid mirror or the parabolic mirror is suitable as a 
concave mirror 14. 

[0018] The light guide section 20 is equipped with the fiber optic cable 29 prolonged from the 
light source 10 to an optical fiber unit 21. Many optical fibers 26 are bundled and the fiber optic 
cable 29 is covered with the plastics sheath. In the interior of an optical fiber unit 21, an optical 
fiber 26 carries out branching alignment from the point of a fiber optic cable 29, and constitutes 
an optical fiber bundle 22 (shown in drawing 3 ). An optical fiber bundle 22 aligns perpendicularly 
(longitudinal direction) to an optical axis, it is accumulated two or more steps and many optical 
fibers 26 are constituted. Optical fiber bundle 22 which adjoin a longitudinal direction have band- 
like [ to which the side edge section is tied by adhesives according to the width of face of 
inspected material 1, and extends in a longitudinal direction ]. An optical fiber unit 21 is inserted 
between a superior lamella 31 and an inferior lamella 32, and is held at the optical fiber 
maintenance frame 30. 

[0019] The condensing section 40 is equipped with the beam condensing unit 41 which consists 
of two or more condenser lenses 42. A cylindrical lens is used as a condenser lens 42. The side 
edge section is tied by adhesives like an optical fiber bundle 22, and condenser lens 42 which 
acljoin a longitudinal direction have become a longitudinal direction with ** length. The joint 43 of 
a condenser lens 42 is located so that it may shift to a longitudinal direction to the joint 23 of an 
optical fiber bundle 22. It is made, as for this gap, for the joint of a lens to be located in the pars 
intermedia of each optical fiber. Therefore, the illuminance fall by the lap of the joint 23 of an 
optical fiber bundle 22 and the joint 43 of a condenser lens 42 is not produced. 
[0020] In the equipment constituted as mentioned above, the illumination light from the high 
brightness point light source 12 is condensed by the incidence edge of a fiber optic cable 29 with 
a concave mirror 14. The illumination light is led to an optical fiber unit 21 through a fiber optic 
cable 29. It is condensed with a condenser lens 42 and the illumination light which carried out 
outgoing radiation through the optical fiber unit 21 forms the linear lighting pattern 5 in the 
inspected body surface 1. The inspected object 1 is moving to the longitudinal direction S of this, 
and Crack F is picturized with the linear array camera 60. On the screen of a monitor (not 
shown). Crack F carries out the image processing of viewing or the video signal, and is detected. 
The illuminance fall by the lap of the joint 23 of an optical fiber bundle 22 and the joint 43 of a 
condenser lens 42 is not produced. For this reason, an inspected material front face is irradiated 
at homogeneity, and high crack detectivity can detect a crack 

[0021] Drawing 4 and drawing 5 show the lighting system of the 2nd invention. The same 
reference mark is attached to the member shown in drawing 1 , and the same member, and the 
detailed explanation is omitted. The beam condensing unit 45 consists of a standard condenser 
lens 47 and a m^jor-diameter condenser lens 48. The focal distance is equal to the focal 
distance of the standard condenser lens 47 by making the diameter of the major-diameter 
condenser lens 48 into about 1.5 to 2.0 times of the diameter of the standard condenser lens 47, 
and setting the lens quality of the material to nd=1.8~1.9. Here, nd shows the refractive index at 



the time of measuring a refractive index using the light (wavelength being 587.6 [nm]) emitted 
from a helium lamp. The m^jor-diameter condenser lens 48 is in the location which counters the 
joint 23 of an optical fiber bundle 22. As mentioned above, the actual optical fiber bundle 24 is 
drawing 1 1 . The optical fiber 26 of the side edge section has not aligned so that it may be 
shown. For this reason, since outgoing radiation of the beam of light from an optical fiber unit 21 
is carried out so that it may spread, an illuminance falls in inspected material. The above- 
mentioned major-diameter condenser lens 48 can bring together the beam of light which spread 
in the side edge section of an optical fiber bundle 24 in an inspected material front face, and can 
prevent an illuminance fall. 

[0022] Drawing 6 shows the lighting system of the 3rd invention. The same reference mark is 
attached to the member shown in drawing 1 , and the same member, and the detailed explanation 
is omitted. At the both-sides edge of an optical fiber bundle 25, the optical fiber 26 (optical fiber 
of a center section) of the diameter of a criterion and the larger m^jor^-diameter optical fiber 27 
than the diameter of a criterion are put together. If the train of an optical fiber 26 is confused in 
the side edge section of an optical fiber bundle 25 like drawing 1 1 , an illuminance fall will be 
caused, but with the equipment shown in drawing 6 , even if the non-set of some optical fibers 
has arisen since the diameter of an optical fiber 27 is large, and there is much quantity of light 
irradiated from the outlet side of an optical fiber, the illuminance fall concerned which originates 
irregularly can be prevented The width of face of full [ of an optical fiber bundle 25 / about 10 - 
20% therefore of ] and a center section of the width of face of the side edge section is 60 - 80%. 
The diameter of the optical fiber 27 of the side edge section is about 2 to 3 times of the 
diameter of the standard optical fiber 26 of a center section. It may be made to make the 
diameter of an optical fiber small gradually as it is good only also as a major-diameter optical 
fiber and the optical fiber of the side edge section is gone to a center section from the side edge 
section. 

[0023] Drawing 7 shows the gestalt of other operations of a lighting system. The optical fiber 
unit 21 is held between the superior iamellas 31 and inferior lamellas 32 which have rigidity within 
the optical fiber maintenance frame 30. It is acceptable optical fiber maintenance frame 30, an 
adjusting screw 37 inserts each other in a thread part 36, and the tip of an adjusting screw 37 is 
pressed against the superior lamella 31 and the inferior lamella 32, respectively. Since an 
adjusting screw 37 is bound tight according to bending of an optical fiber unit 31 and bending of 
an optical fiber unit 21 is corrected, a straight-line-like lighting pattern is formed on inspected 
material. 

[0024] Drawing 8 shows the gestalt of further others of a lighting system. In this lighting system, 
the parallel semicircle-like guide rail 34 is formed in the inferior lamella 33 of said optical fiber 
maintenance frame along the direction of an optical axis of an optical fiber. The diameter of a 
guide rail 34 is about 100-300 micrometers. One optical fiber is inserted in a guide rail 34 at a 
time, and the optical fiber 26 from the 2nd step is accumulated on it As shown in drawing 9 , the 
optical fiber 26 of an upper case is arranged between the optical fibers 26 with which the lower 
berth adjoins each other. Since an optical fiber 26 aligns along with the optical fiber 26 of the 
bottom, it does not become irregular [ an optical fiber 26 ] in the side edge section of an optical 
fiber bundle 22. 

[0025] Drawing 10 shows the gestalt of the operation of further others of a lighting system. 
Drawing 10 (a) The beam condensing unit 49 is held at the lens maintenance frame 50 so that it 
may be shown. The adjusting screw 52 inserts each other in the nut 51 attached in the lens 
maintenance frame 50. The point of an adjusting screw 52 is pressed against the condenser lens 
49, and doubles bending of a condenser lens 49 with bending of an optical fiber bundle with an 
adjusting screw 52. By adjusting bending of a condenser lens, the irregular beam of light from an 
optical fiber bundle can be aligned in parallel. Drawing 10 (b) The lighting pattern on an inspected 
material front face is shown, and the beam-of-light locus 8 which curved by adjusting bending of 
a condenser lens 49 can be corrected to the norm straight line 7. 
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DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing 1] It is the perspective view showing typically the crack checking lighting system which 
is the gestalt of implementation of the 1st invention. 

[Drawing 21 It is the side elevation showing typically the optical system of the lighting system 
shown in drawing 1 . 

[Drawing 3] Drawing 3 (a) It is the front view of the equipment shown in drawing 1 f and is (b). It 
is a top view. 

[Drawing 4] The crack checking lighting system which is the gestalt of implementation of the 2nd 
invention is shown, and it is drawing 3 (a). It is a front view and is (b). It is a top view. 
[Drawing 5] It is the side elevation of the beam condensing unit of the equipment shown in 
drawing 4 . 

[Drawing 6] It is the gestalt of implementation of the 3rd invention and is the front view of an 
optical fiber bundle. 

[Drawing 7] It is the front view showing the crack checking lighting system which are other 
gestalten of implementation of this invention. 

[Drawing 8] It is the perspective view showing a part of inferior lamella used for the equipment 
shown in drawing 7 . 

[Drawing 9] It is the front view of the optical fiber bundle held at the equipment shown in drawing 
8. 

[Drawing 101 The crack checking lighting system which is the gestalt of further others of 
implementation of this invention is shown, and it is drawing 10 (a). It is a front view and is (b). It 
is the mimetic diagram of a lighting pattern. 

[Drawing 111 It is the top view showing typically the non-set of the optical fiber in the side edge 
section of an optical fiber bundle. 

[Drawing 121 It is the front view of the conventional crack checking lighting system showing one 
example typically. 

[Drawing 131 It is the enlarged drawing of an optical fiber bundle shown in drawing 12 . 
[Drawing 141 It is a drawing explaining the non-set of the beam of light of lighting. 
[Description of Notations] 
1 Inspected Material 
5 Lighting Pattern 

7 Norm Straight Line 

8 Beam-of-Light Locus 
10 Light Source 

12 High Brightness Point Light Source 
14 Concave Mirror 

20 Light Guide Section 

21 Optical Fiber Unit 

22 25 Optical fiber bundle 

23 Joint 

26 27 Optical fiber 



30 Optical Fiber Maintenance Frame 

31 Superior Lamella 

32 Inferior Lamella 

33 Inferior Lamella 

34 Guide Rail 

37 Acjjusting Screw 

40 Condensing Section 

41 Beam Condensing Unit 

42 Condenser Lens 

43 Joint 

47 Standard Condenser Lens 

48 Major-Diameter Condenser Lens 

49 Condenser Lens 

50 Condenser Lens Maintenance Frame 

51 Nut 52 <BR> Acjjusting Screw 

56 Superior Lamella 

57 Inferior Lamella 
F Crack 
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